~/ The clinical course of 31 patients who underwent attempted excision of the ilium terminale and tip of the conus for syringomyelia is summarized. Of these patients, 17 had had some previous surgical intervention. Eleven patients were continuing to deteriorate at the time of the operation. In three cases, marked postoperative improvement was reported, and objective improvement was thought to result from the conus excision. Eighteen more patients claimed improvement in their preoperative symptoms of loss of pain sensibility, deafness, or reduced motor function, although most of such claims were unverified by objective clinical assessment. Sixteen of the patients who improved have since proceeded to deteriorate. In five of the patients, there was a long-standing improvement of at least subjective phenomena. Thirteen patients were not improved even subjectively and some of these have continued to grow worse. Proof that the greater part of the syrinx was in communication with the conus or ilium was difficult to obtain even when the conus was dilated. No correlations have been found to suggest that the operation might be more effective if the central canal was patent at the conus or the ilium, nor was there a correlation between a good clinical result and either the age of the patient or the age of the syrinx as judged by the history. The operation did not seem to be more or less beneficial if previous surgery had been performed. The suggestion is made that for syringomyelia with hindbrain abnormalities, other than dense arachnoiditis (particularly if there is evidence of pressure dissociation at the foramen magnum), craniovertebral decompression remains the procedure of choice. In syringomyelia with marked hydrocephalus, drainage by a valved shunt may be the preferred first procedure. If myelotomy is planned it should probably be done where the syrinx is wide, and it is more likely to succeed if the syrinx is drained to a low-pressure area outside the theca, such as the peritoneum or pleura, rather than the subarachnoid space.
F
LUID contained within syringomyelic cavities may have various origins, and treatment may be directed either toward preventing inclusion or formation of the fluid, or toward drainage. Since the work of Gardner on this subject, largely summarized in his monograph of 1973, 7 it has been recognized that the commonest form of syringomyelia is found in conjunction with hindbrain abnormalities at the foramen magnum. 1,3,x~ Other causes include spinal tumor, when plasma-like fluid exudes from the tumor surface, and spinal lesions such as arachnoiditis or posttraumatic paraplegia. 25, 32, 34 In the commonest varieties, the fluid within the syrinx is similar to cerebrospinal fluid (CSF), and the assumption has generally been made that the fluid has been forced into the cavities of the cord by some pump-like mechanism along a communication from the CSF pathways. Such mechanisms have not been easy to prove, although they have given rise to ample speculation. 9,25,27,32m Gardner 7 showed in his early surgical results that in the form of the disease that involves an abnormality at the foramen magnum, considerable improvement could be gained after posterior fossa exploration. Further surgical endeavors have verified this improvement. [15] [16] [17] 23, 24 It has seemed probable that the benefit is due to the effects of decompression of the hindbrain hernia rather than to blockage of a presumed communication from the floor of the fourth ventricle to the syrinx. 22, 29, 33 The term "craniovertebral decompression" may be used for all operations of this kind. The results of hindbrain exposure and any kind of intervention have not been
Terminal ventriculostomy universally good. 12, [22] [23] [24] 29 Because of the limitations of posterior fossa operations, interest was aroused by the 1977 publication by Gardner, et al., s describing "terminal ventriculostomy for syringomyelia." These authors presented 12 patients in whom the ilium terminate had been excised together with the tip of the conus, and claimed nine good results, one fair, one complicated course, and one patient in whom symptoms appeared to be progressing. The patients were followed for up to 30 months, and these early results seemed so impressive that this operation has been carried out in several other cases. 24,z6,27 This technique has been particularly favored where hindbrain hernia operations have been followed by progression of symptoms.
We present a summary of the clinical course in 3 1 patients with syringomyelia who underwent attempted excision of the ilium terminale and tip of the conus.
Summary of Cases
The principal features of these 31 cases are given in Tables 1, 2 , and 3. The cases with one operation are summarized in Table 1 , those with two operations in Table 2 , and those with three or more operations in Table 3 .
Hankinson has performed three such operations (Hankinson J: personal communication, 1981 ), but there is insufficient detail for them to be included in these tables. His three cases bring the number of cases with attempted terminal ventriculostomy summarized here to 34. Hankinson reported that in only one of his cases was there convincing evidence of continuation of the syrinx into the ilium, and that only in this case was there improvement of the sensory disturbance. In Case 7, a terminal ventriculostomy was not performed because of extensive adhesive arachnoiditis, almost certainly due to a reaction to iophendylate (Myodil) after a previous myelography.
Many of our patients were selected for this operation because of failure of craniovertebral decompression to prevent late relapse. However, the patients summarized in Table 1 underwent terminal ventriculostomy as a primary procedure either to follow Gardner's recommendation or because of poor condition. One such patient (Case 1) had posttraumatic syringomyelia following a crush fracture of L-1. The usual treatment for syringomyelia following paraplegia is myelotomy, with either drainage of the syrinx cavity into the subarachnoid space or else extrathecal drainage into the pleural or peritoneal cavity with or without a valve? ,z5,34 In the case of this 24-year-old man, however, the overriding concern was not to increase his deficit because, although the sensory loss appeared to be complete from S-2 downward, he had preservation not only of the ability to walk but also of bladder function and partial sexual function. Therefore, ascent of the lesion by even one segmental level was unacceptable. At laminectomy, there was no cavity discernible by palpation, needling, or myelotomy in the lower part of the scarred area. Because it was thought unwise to cut into the cord above the lesion, a terminal ventriculostomy was carried out. No fluid escaped from the cut end, and microscopic examination showed a histologically normal ilium, that is, the ependymal cells were present at all levels but were arranged in a collapsed and irregular way around a cavity which was clearly occluded throughout. Despite the unpromising features, the patient reported an impressive subjective improvement in symptoms. The improvement in sensation was striking and consistent but was followed by relapse, and the patient spontaneously suggested at a later date that his remission might have been due to profound bedrest following laminectomy.
Improvement was reported in 19 of the 34 cases, although it was most commonly of a subjective kind, or else of a minor degree such as "improvement in walking," which might have been produced by optimistic rehabilitation following surgery. The case assessments were mostly made by experienced surgeons, and it seems that the operation was associated with benefit in many of the patients. Three outstanding good results were noted in Cases 1, 18, and 21.
Of the tabulated cases, only five of the 18 patients who reported improvement have not reported subsequent deterioration. It is possible that some of the 16 patients who have deteriorated since terminal ventriculostomy are less disabled than they would have been if the procedure had not been done, but this cannot be tested. Whether terminal ventriculostomy was the first, second, or third procedure did not appear to affect the outcome; four cases in each of these groups had no improvement. Neither the patients' sex nor the time between diagnosis and terminal ventriculostomy bore any relation to the outcome. Significance of patients' age at onset of syringomyelia was tested with the chi-square test: patients with onset after 40 years of age seemed to do better than those with onset at younger than 20 years, but this was not significant.
Cerebrospinal fluid was observed leaking from the cut ilium in six cases, and either a cavity at the conus or a large cavity in the upper part of the ilium was found in five of these cases. Twenty patients had no evidence of fluid in the cord cavity. Those patients with some evidence of CSF reaching the ilium along the central canal did slightly better than the others, but according to the chi-square test the difference was not significant.
The claim of Gardner, et al., s that there was evidence of tethering in most cases because of a more caudal location of the conus has not been supported in this series. In no case has the conus been seen to have moved upward after a piece of the ilium was excised; in Case 3 the conus was noted to be low (Schurr PH: personal communication, 1981), and in 
Discussion
In discussing management of syrinx fluid, it is necessary to consider how the fluid finds its way into the syrinx initially. If the filling of the syrinx could be .prevented, clearly this form of treatment would be an Improvement over a drainage method. There are three possibilities.
If the fluid enters through a communication at the obex of the fourth ventricle, which it almost certainly does in at least a minority of cases, 28,3~ then it has to be forced along what is usually a narrow communication, 2,2z for which substantial pressure differences would be necessary. These pressure differences are almost always transitory in the case of humansy ,33 although in experimental syringomyelia associated with kaolin-induced hydrocephalus, for example, there are established pressure gradients? a If the fluid is being forced in at the obex, then the pump system should be looked for there. The valvular mechanism of the hindbrain has been demonstrated clearly in a proportion of syringomyelia cases, and its correction by craniovertebral decompression can be provenY Thus, a pumping action at the obex can reasonably be proposed, but not be regarded as proven, for all cases of syringomyelia with abnormalities at the foramen magnum.
It has also been suggested that CSF might be forced into a cord cavity at the site of a communication lower than the hindbrain: for example, along the perivascular Virchow-Robin spaces.l.2 This seems an unlikely proposition; however, if it did occur then a myelotomy might make syringomyelia worse by allowing fluid to enter the cavity more easily.
Another possible explanation for syrinx fluid might be that it is secreted within the cord by transudation from cell surfaces 4 or from the "choroid plexus-like structures" mentioned by Lichtenstein. TM Differing theories of origin of intrasyrinx fluid are not mutually exclusive. It is conceivable, for example, that within the lifetime of a single patient an in utero hydrocephalus might cause opening up of a central canal, that a difficult birth might provoke a hindbrain hernia, and that craniospinal pressure dissociation might, in childhood or adolescence, cause a syrinx to be created by intermittent inflation. In later life, the walls of such a cavity might exude fluid into the syrinx and, in the late stages, if the walls of the syrinx become thin, fluid might be exchanged readily between the cavity and the subarachnoid space. The processes of healing may obscure many clues, and pathological examination of such a cord might show a blocked communication to the fourth ventricle, no hydrocephalus, and no evidence of birth injury.
It is difficult to be doctrinaire about the theoretical possibilities. It is perhaps more relevant to consider them one by one and review the practical evidence.
First, why should craniovertebral decompression not be replaced by myelotomy? The clinical evidence seems to be that myelotomy, although sometimes accompanied by neurological deficit, 19 commonly produces some improvement. 6,11,17a9,2~
There are few reports with a long follow-up period, and it seems likely that the benefits have usually proved transitory. Improvement may also be due to placebo effects or to some mechanism other than lowering of pressure within the syrinx, such as altered capacitance, rest, or physiotherapy. For varieties of myelotomy to be recommended on logical grounds it is necessary to assume that the pressure of fluid within the syrinx is higher than that outside the syrinx, either most or part of the time. Gardner, et al., 8 did not make this point in their article, nor did they produce evidence that fluid within the syrinx is at higher pressure than that in the subarachnoid space. They did not discuss the likelihood that a communication with the fourth ventricle was present at the time that the terminal ventriculostomy was performed in their cases; nor did they critically examine the likelihood that the central canal remained open sufficiently in their cases to provide a conduit for fluid from the syrinx to the subarachnoid space. Even in the event that pulsatile pressure differences caused by "arterial" pulsations within the head were directly responsible for breakdown of the syrinx walls, as Gardner has suggested, it seems improbable that myelotomy should be of any help in minimizing such damage. Pulsation may still oscillate the walls. The same objections apply to the oscillation in the wall caused by coughing or straining, which produce pulsatile movements within the cord. A hole leading into the cavity within the cord cannot prevent such undulations. It is not, of course, necessary for current theory to be correct for a surgical operation to succeed. For example, Gardner's surgical successes with craniovertebral decompression preceded his hypotheses, which still remain inadequate to explain his observations and results. 7-~ Ventricular enlargement is present in about onethird of syringomyelia patients? 8 It seems unlikely that any form of myelotomy would relieve associated hydrocephalus, although such a suggestion has been made for the experimental animal? 1 Pressure dissociation across the foramen magnum is unlikely to be corrected by myelotomy and neither are such associated features as posterior fossa subarachnoid pouchesY
The greatest likelihood of emptying the syrinx permanently and keeping it so fiat that it has a chance of healing would seem to be first to ensure that it is not filling through a sizable communication somewhere, and then to drain it into an area of lower pressure, such as the pleural or peritoneal cavity) ,25 Such attempts have distinct hazards and may be discussed in future reports.
Second, why should terminal ventriculostomy replace myelotomy at the level of the syrinx? Myelot- omy at the level of the syrinx has the certainty of reaching the intrasyrinx fluid, although there may be difficulties in keeping it open. ~1 The major disadvantage of a high myelotomy, however, is the likelihood of increasing the neurological deficits at the site of cord incision. The cord may be very thin-walled and tenuous, and there is a likelihood of neurological damage if a drainage tube is inserted. There is no gravitational advantage in locating the myelotomy at the bottom of the cord. The fluid within the cord, if it has the same specific gravity as CSF outside the cord, is supported by fluid in the subarachnoid space and is, effectively, weightless. There are disadvantages in having the myelotomy distant from the site of maximal destruction, which is usually at the cervical enlargement. The central canal is usually not patent throughout the length of the cord, and separate loculi may form in any syrinx. In experimental kaolin-induced syringomyelia with hydrocephalus, the central canal is always patent all the way to the conusfl I and there is commonly a communication from the central canal to the subarachnoid space at that level. In humans the central canal may be open throughout its length at some stage in the development of the disease. However, it seems certain that in the majority of cases parts of this canal close off. At the top of the cord, for instance, a patent communication to the fourth ventricle can be demonstrated radiologically in only 10% of cases. 2s Histological evidence of the rarity of such a patent communication in postmortem studies has been gathered by Rice-Edwards zl,z2 and others2 ,is Our Cases 2, 12, 14, 19, 24, and 25 showed areas of closure of the central canal within the ilium terminale separating dilated and fluid-filled areas. Syrinx cavities may similarly heal in parts, causing the cavities to be loculated, sometimes with a normal area of cord between the cavities. Thus, the presence of a dilated cavity at the conus or the observation of fluid running out from the cord does not mean that the main cavity of the syrinx is necessarily being drained along the central canal. In 19 cases from this center, in which syringography has been carried out with iophendylate, the contrast medium reached below the T-12 vertebral level in only four cases. Both patients in whom the canal was shown to be open to the level of the top of the L-2 vertebral body were tumor cases, and both presented at younger than 16 years. It would seem probable that a communication from a syringomyelia to the conus of such size as to allow free drainage is unusual. Since iophendylate can only safely be introduced into patients with big cavities within big cords, the 19 cases quoted are unlikely to be representative of syringomyelia patients seeking surgery. The likelihood of the cavity within the cord being in functional communication with the ilium thus seems to be less than in one-third of cases, as suggested by these tables. Schlesinger, et al.fl 4 thought that seven of their 60 cases had a long cavity which reached a similar level. It must be conceded that the frequency with which a dilated central canal in the ilium or a distended conus has been found in these cases is significant. It may not signify an existing communication, however, but only that in the past there has been a connection with the cavities higher up. A second disadvantage of having the myelotomy at the distal end of the cord is that the fluid within the cord has to travel along the length of that structure to get out. This location is, therefore, less efficient for drainage, and destructive forces may continue to be exercised by fluid as it traverses the cord. Improvement after any form of myelotomy, either high or a terminal ventriculostomy, may occur because of mechanisms other than drainage. A laminectomy may alter the boundaries of the spinal canal and, by changing compliance, may alter the quality of the pulsation so as to lessen destructive force. The enforced bedrest and relaxation of body cavities after painful spinal surgery may be effective in lessening symptoms. This may also be the basis of improvement after radiotherapy. 15 Acute syringomyelia with hindbrain impaction, agonizing cough headache, and attacks of cough syncope has been observed to resolve after some days of rest. Such resolution may include return of bladder function, recovery of dissociated half-cape sensory loss, recovery of tendon jerks, and cure of the headache, with inability of the tonsils to reimpact after provocation and failure to demonstrate dissociation on pressure testing. The placebo effects of operation may be very powerful, particularly if accompanied by optimistic efforts at rehabilitation.
Third, why might terminal ventriculostomy replace craniovertebral decompression? Terminal ventriculostomy is a relatively safe operation. Gardner, et al., 8 reported one case with deterioration. No other case of immediate deterioration has been reported or identified by us, with the exception of the numbness of the left arm in Case 16. This patient had previously suffered sudden deterioration, and the operation on the sacral portion of the cord is difficult to incriminate directly in the deterioration of arm function. No mortality is reported as a result of terminal ventriculostomy. On the other hand, craniovertebral decompression is a procedure which carries a distinct risk of mortality and morbidity. 12,29 The most risky cases are those with arachnoiditis around the foramen magnum, hydrocephalus, and/or syringobulbia, particularly if combined with respiratory difficulties. For this type of case, terminal ventriculostomy might be the preferred operation if it could be proven to be effective; unfortunately, since we have not been able to identify preoperative factors that would show it to be useful, we have not found it to be sufficiently valuable to be able to recommend its further use.
Conclusions
The operation of terminal ventriculostomy is associated with clinical improvement of syringomyelia symptoms in a proportion of cases. However, some patients do not show improvement, and the majority of patients continue to deteriorate after this procedure. The operation is safer than high myelotomy or craniovertebral decompression.
There are theoretical and practical objections to its use. The theoretical objections are that it cannot B. Williams and G. Fahy relieve hydrocephalus, which is present in up to onethird of cases and is symptomatic in a small proportion; and it cannot correct the pressure differentials that frequently occur at the foramen magnum because of a hindbrain hernia acting as a valve, nor can it be expected to relieve such features as posterior fossa arachnoid pouches. It cannot be expected to prevent syrinx filling by either a communication to the fourth ventricle, or transudation through or secretion by the walls of the syrinx. In practical terms, the operation has not proved as valuable in syringomyelia as has craniovertebral decompression, although the cases reported in Tables 2 and 3 had undergone some other form of surgical treatment previously. The theoretical basis for the operation is unclear, and the mechanism by which it seems to help patients is in doubt. Although terminal ventriculostomy may have a place in the management of syringomyelia, this report does not encourage that view, certainly it does not support a change of policy to make terminal ventriculostomy the operation of first choice.
The following courses of action may be recommended. First, when hydrocephalus is present, it should be treated by drainage. Second, when craniovertebral pressure dissociation is present, it should be corrected as far as possible by either posterior fossa exploration and hindbrain hernia decompression or some sort of internal shunt such as Torkildsen's ventriculocisternostomy, or perhaps along the site of the aqueduct on the lines suggested by Lapras, et al. 13 The third choice may be laminectomy and myelotomy. Myelotomy is most likely to work if it can be carried out where the syrinx is wide. If myelotomy is required, then drainage of the syrinx to an area at a lower pressure than the spinal subarachnoid space may be more appealing than either a terminal ventriculostomy or a higher myelotomy.
